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Description 
Technical Held 



vm J!^? ,nVe ? 00 relateS 10 3 SySt9m ° f bi0de 9 ra ^ble polymers, and more particularly to the use of such pol- 
ymer system for providing synngeable, in-situ forming, solid, biodegradable implants. 



Background Art 
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mJh^?„^?^ prt * ious,y described for «» " medical applications. These poly- 

fTc^cu^S^rff ^ ^1°™ ,Sad t0 h ^'ecuiar-wei 3 hf material do n* meH ifaj, 

i ' " ° jf** CfOSSOnked lactone copolymers have been prepared by incorporation 
ofa bstec^one mto a monomer feed, as desert in U.a Patent No 4.379,138 to PWelal. Tn^oxy-f l^c3cSS 

^11 E 3 t!!!- an f. £ " Va,er0iaCt0ne ^ 5660 diisocyanaleSebyT^^^S 
polymers, as described in Pitt et a).. JPolvm Sci • Part A- P*iwm n,». ocicc « e ,„., L_ * UKJu egraaaD)e 
soHds when crosslink*! or*o^d~^ Polym Thrm 25:955-966; 1987. These polymers are also 

tant S^ft l aSS 01 ^ff a u !" e I 30 **™* have "«V use, <" biomedical applications, there are several impor- 

SSSdf ^?n are l°? te ' a " inStanC6S * ,nVOlvin9 ** use »«• r ^ uired "«»* forming the p^SSSS 
L «! ^L* ^ * " nSert0n * e * into the body. For example, sutures. cfo^staJl 

S£ SJ^??^ 9 " 6 P0,ymere Pri0rt0 USe " W ^ ^edTmo the b3y X^SHS 
original shape rath^ than flow to f.ll vokJs or cavities where they may be most needed. 

taJS?*! w" 9 ^ SySt6mS USJn9 theSe bi °degradable polymers have to be formed outside the body In such 
ZTJ^T 3 POr t 6d "1° 1,16 and * e shaped into a certain form such a 3£j 

Sion T^^nTl^tf 'T^' ^<*™«V has to be inserted into the body 

*> tc^S 

«. nJi°S *° aVOid the incision ^ these P^J^ers is to inject them as small partides microspheres or micro 

th«v 1!?^ ? 1 J Syr,n9e - mey do not alwa y s sa*sfy the demand tor a biodegradable implant Be^aS 
SeS S 5^ IIS ^ ^ ' " ^ ***** the ^eg^eededT^^oi 
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Disclosure nf the Invention 



The present invention relates to a biodearadaWp tho™^^.^ ^ , 
thermosetting preoolvmer for form ™ T.n^l!! I ^ 9 P ° ,ymer com P^"9 a liquid biodegradable 

-osetting £ 2E t^'^^ e ^' 1h&m ^ * the preparation^ a" biodegradable ther- 

and controlle^^ea^l'S^ ^l^*™ 01 biode 9 rad ^ polymers forming in situ prosthetic implants 

die. but which cure fsetl shoSy ^ ^ adminis,ered as **** via, for example, a syringe and nee- 

) shortly after dosing to form a solid. The implants are biodegradable because they are made 
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from biodegradable thermosetting polymers. 

The placement of the system can be anywhere within the body, including soft tissue such as muscle or fat hard 
tissue such as bone, or a cavity such as the periodontal, oral, vaginal, rectal, nasal, or a pocket such as a periodontal 
pocket or the cul-de-sac of the eya For drug<Jefivery systems, the biologically active agent is added to the polymer sys- 
tem where it is either dissolved to form a homogeneous solution or dispersed to form a suspension or dispersion of drug 
within the polymeric system. In the body the system forms an implant thereby trapping or encapsulating the drug within 
the polymeric matrix as the implant solidifies. The release of the drug then follows the general rules for diffusion or dis- 
solution of a drug from. within a polymeric matrix. 

The thermosetting system comprises the synthesis of crosslinkable polymers which are biodegradable and which 
can be formed and cured in-sita The thermosetting system comprises reactive, liquid, oligomeric polymers which con- 
tain no solvents and which cure in place to form solids, usually with the addition of a curing catalyst 

The multifunctional polymers useful in the thermosetting system are first synthesized via copolymerization of either 
DL-lactkJe or L-tactide with e-caprolactone using a multifunctional polyoi initiator and a catalyst to form polyol-termi- 
nated prepolymers. The polyol-terminated prepolymers are then converted to acrylic ester-terminated preporymers, 
preferably by acylation of the alcohol terminus with acrylqyi chloride via a Schotten-Baumanrvlike technique, Le,,. reac- 
tion of acyl hafides with alcohols. The acrylic ester-terminated prepolymers may also be synthesized in a number of 
other ways, including but not limited to. reaction of carboxyfic acids (La, acrylic or methacrylic acid) with alcohols, reac- 
tion of carboxyfic acid esters methyl acryiale or methyl methacrytate) with alcohols by transesterrfication and reac- 
tion of isocyanatoalkyi acrylates (Le^ isocyanatoethyl methacrylate) with alcohols. 

The liquid acrylic-terminated prepoiymer is cured, preferably by the addition of benzoyl peroxide or azobisisobuty- 
ronitrile. to a more solid structure. -Thus, for an implant utilizing these crosslinkable polymers, the catalyst is added to 
the liquid acrylic-terminated prepoiymer immediately prior to injection into the body. Once inside the body, the crosslink- 
ing reaction wfll proceed until sufficient molecular weight has been obtained to cause the polymer to solidify. The Gquid 
prepoiymer. when injected, wfll flow into the cavity or space in which It is placed and assume that shape when it solidi- 
fies. For drug deOyery utilizing this system, biologically active agents are added to the liquid polymer systems in the 
uncatalyzed state. 

With the thermosetting systems, the advantages of liquid application are achieved. For example, the polymer may 
be injected via syringe and needle into a body while it is in liquid form and then left in-situ to form a solid biodegradable 
implant structure. The need to form an incision is eliminated, and the implant wfll assume the shape of its cavity. Fur- 
thermore, a drug^fefivery vehicle may be provided by adding a biologically active agent to the liquid prior to injection 
Once the implant is formed, it will release the agent to the body and then biodegrade. The term "biologically active 
agent" means a drug or some other substance capable of producing an effect on a body. 

It is an ofcgect of the present invention, therefore, to provide a thermosetting system for producing biodegradable 
polymeric implants. 

It is also an object of the present invention to provide such a polymer system which may be useful in producing 
syringeable, in-situ forming, solid biodegradable implants. 

ft is a further object of the present invention to provide such an implant which can be used in a controlled-release 
delivery system for biological agents. 

It is a further object of the present invention to provide implants having a range of properties from soft and elasto- 
meric to hard and rigid, so as to be usable with both soft and hard tissue. 

Brief Descri ption of the Figures and Tables 

ISorl niUStrateS Syn1heS,S 61 a ^ at ^ te ™rated prepolymers and subsequent crosslinking by free-radical ini- 

Fig. 2 illustrates structures for the random copolymer of E-caprolactone and L-lactide initiated with a diol; . 
Table 1 is a summary of the bifunctional PLC prepolymers synthesized; 

so 

Table 2 is a summary of the acrylic ester terminated prepolymers synthesized; and 
Table 3 is a summary of curing studies. 
Best Mode of Carrying Out the Invention 

The present invention relates to biodegradable, thermosetting systems for forming implants in situ The present 
invention also relates to a liquid biodegradable polymeric system that can be injected into a body where it forms a sofid 
and releases a biologically active agent at a controlled rate. The biodegradable polymeric systems comprise therms 
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setting polymers that are liquids without the use of solvents. 

a n^t^SaHS T 0< me f ierm ° settin 9 polymer system is placed in a syringe and injected through 

a needle Krto the body. Once « place, the polymer solidifies, and a solid structure is formed. The implant willadhae to 

SEE iST'T^T * inieded Bke «*0« to build up tissue or to fill in defects Tcan aS 

£?ZT 2!,T nC ^ L ndUdin9 bUm W0UndS ,0 P""** me <* dee P Unlike collagen, to dwSaton 

torn of the implant can be varied from a few weeks to years depending upon the polymer selected and its S£S 

6 ^ «* also be used to mend bone defects or to provide a confinuous ZZSSZ 
c>*er j*ld brcriegr^e .mpJants such as hydmxyapatile plugs are inserted into bone gaps. The iiectable^i™ 

^^^l^^y^-V 0 ^ ? ****** ^em. in this use. a bioactive 
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syaemwiOresulLmssuspei^adlspei^canalsobelifleclMlnlofte^ mepaymer 
ft*«<^.ftep°^«»solH%andenlrap«eiKara^ 

£?" , . e * n , 1* ■"«« b» «» ste and tf»pe rt ft. hpta* the tajft, ol ch* rtMnftThrti* te 

JlSiSS 03 y ^ a96ntS ray be used - ™ ese include w«hout limitation foUsu^asu^TargS 
molecules, molecular comp.exes. safe, ethers, esters, arrtdes, etc.. which are ao.ogica.ly activated ^JSSK 

deoe^^S^P^L 0 ^ 09 ^ aCUVfi **** f^nwated into the injectable. in-sHu. solid forming implant 

l^of "Irn^X 0 ^ ^ "* * ea <*^°< ^g 

tissue defect, it ^^^^^^^^^^Z™ f **> • 

gradually replace the biodegradable pofcmtf wSStoTlS S ^ ^ 0011 agen fissue 

the growth of new bone ceS which wffl X«£2^Z £^ ?"* ? b,ode 9 radaUe ^ & wi " support 
sofid implant formed from the Wec^^SZS? V *TZ? For dru 9<ielivery systems, the 

the drug is depleted m^SS^T^ \ f § ** ^ COrtained " iWn rts al a rate until 

other d?ugs S ^.SiSSiJJS ESTi? ^ ^ teS been re,eased " ^ 

^SaT^ 

in place to form solids, usually with the SESl 7 Tf r6aCtiVe ' fiquid ' ° ,i90meric P 0 '^^ ««* «« " 
ously described for the thermoplastfc s^al f f ^ «V °» •* ^egradable polymers previ- 

these polymers or copolymers must tZk^l^ « sed - ,n « Baiting crHeria is that low-molecular-weight oligomers of 
which can be reacted with aaytoyl chlorideTnr^ * T* 6 funCtional 9^ on th e ends of the prepolymer 

The preferred biodegradSe ^Stem VZtZ Z*? T" ^ 
molecular-weight pofynSrs oToligomS or^l^l ^ ^^^^aproiactone). or "DL-PLC". Low- 
' ohgomers produced from these materials are flowable liquids at room temperature 
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Hydroxy-terrninated PLC prepolymers may be synthesized via polymerization of DL-lactide or L-lactide and c-capro- 
lactone with a multifunctional polyol initiator and a catalyst. Catalysts useful for the preparation of these prepolymers 
are preferably basic or neutral ester-interchange (transesterrfication) catalysts. Metallic esters of carboxyfic acids con- 
taining up to 18 carbon atoms such as formic, acetic, lauric. stearic, and benzoic are normally used as such catalysts. 
Stannous octoate and stannous chloride are the preferred catalysts, both for reasons of FDA compliance and perfornv 



ance. 



If a bifunctional polyester is desired, a Afunctional chain initiator such as ethylene glycol is employed. A Afunctional 
initiator such as trimethylolpropane produces a Afunctional polymer, etc. The amount of chain initiator used determines 
the resultant molecular weight of the polymer or copolymer. At high concentrations of chain initiator, the assumption is 

io made that one bifunctional initiator molecule initiates only one polymer chain. On the other hand, when the concentra- 
tion of bifunctional initiator is very low. each initiator molecule can initiate two polymer chains: In any case, the polymer 
chains are terminated by hydroxy! groups, as seen in Figure 1. In this example, the assumption has been made that 
only one polymer chain is initiated per bifunctional initiator molecule. This assumption allows the.caJculation of a theo- 
retical molecular weight for the prepolymers. 

is A list of the bifunctional PLC prepolymers that were synthesized is given in table 1. Appropriate amounts of DL- 
lactide, c-caprolactone. and ethylene glycol were combined in a flask under nitrogen and then heated in an oil bath at 
155° C to melt and mix the monomers.' The copolymerizations were then catalyzed by the addition of 0.03 to 0.05 wt % 
SnCI 2 . The reaction was allowed to proceed overnight The hydroxy! numbers of the prepolymers were determined by 
standard titration procedure. The Gardner-Hojdt viscosities of the liquid prepolymers were also determined using the 

20 procedures outlined in ASTM D 1545. The highest molecular-weight prepolymer (MW = 5000) was a solid at room tem- 
perature; therefore, its Gardner-Holdt viscosity could not be determined. 

The diol prepolymers were converted to acrylic-ester-capped prepolymers via a reaction with acryloyl chloride 
under Schotten-Baurnann-fike conditions, as seen in Figure 2 and summarized in Table 2. Other methods of converting 
the diol prepolymers to acrylic-ester-capped prepolymers may also be employed. 

25 Both THF and dichloromethane were evaluated as solvents in the acylation reactions. Several problems were 
encountered when THF was used as the solvent The triethylamine hydrochloride formed as a by-product in the reac- 
tion was so finely divided that H could not be efficiently removed from the reaction mixture by filtration. Triethylamine 
hydrochloride (Et 3 N • HCT) has been reported to cause polymerization of acrylic species (U.S. Patent No. 4.405,798). In 
several instances, where attempts to remove all of the Et 3 N- HCI failed, the acryfic-ester-capped prepolymers gelled 

so prematurely. Thus, to effectively remove all of the Et 3 N • HCI. ft was necessary to extract the prepolymers with water. 
For reactions carried out in THF, it is preferred that one first evaporate the THF in vacuo, redissolve the oil in ChfeCfe. 
filter out the Et 3 N • HCI. and then extract the C^CIj layer with water. Stable emulsions were sometimes encountered 
during extraction. The acylations were later carried out in CH 2 CI 2 instead of THF. The filtration of Et 3 N • HCI "from the 
reaction mixture was found to be much easier using this solvent, and the organic fraction could be extracted directly with 

35 water after filtration. 

Both diol and acrylic prepolymers were examined by IR and 1 H NMR spectroscopy. The salient feature of the IR 
spectra of did prepolymers is a prominent O-H stretch centered at approximately 3510 cm" 1 . Upon acylation. the inten- 
sity of the O-H stretch decreases markedly, and new absorbances at approximately 1640 cm" 1 appear. These new 
absorbances are attributed to the C-C stretch associated with acrylic groups. Likewise, the presences of acrylic ester 
<o groups is apparent in the 1 H NMR spectra, the characteristic resonances for the vinyl protons falling in the range of 5 9 
to6.6ppra 

The acrylic prepolymers and diol prepolymers were then cured, as summarized in Table 3. The general procedure 
for the curing of the prepolymers is now described: to 5.0 g of acrylic prepolymer contained in a small beaker was added 
a solution of benzoyl peroxide (BP) in approximately 1 mL of CH^. In some cases, filers or additional acryiic mono- 
45 mers were added to the prepolymers prior to the introduction of the BP solution. The mixtures were stirred thoroughly 
and then poured into small petri dishes. The dishes were placed in a preheated vacuum oven for curing. Some of the 
samples were cured in air and not in vacuo, and these samples are so indicated in Table 3. 

This thermosetting system may be used wherever a biodegradable implant is desired. For example, because the 
prepolymer remains a liquid for a short time after addition of the curing agent, the liquid prepolymer/curing agent mix- 
so ture may be placed into a syringe and injected into a body. The mixture then solidifies in-situ. thereby providing an 
implant without an incision. Furthermore, a drug<lelivery system may be provided by adding a biologically active agent 
to the prepolymer prior to injection. Once in-situ. the system will cure to a solid; eventually. H will biodegrade and the 
agent will be gradually released. 

55 DETAILED DESCRIPTION OF EXAMPLE 

The following example is set forth as representative of the present invention. The example is not to be construed 
as limiting the scope of the invention as this and other equivalent embodiments will be apparent in view of the present 
disclosure, figures, and accompanying claims. 
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An .llustrabve method for the synthesis of an acrylate terminated prepolymeris described. To an oven-dried 500- 
IbTr^^ ' r °^i ,tt0 ^ flaSk ( ! ftted an addifion ,unnel - ^tel adapter, mechanical stirrer assembly, and 
CSTi^S^if*! n,tr09ea 1000 9 0f di,uncti0 "a' hydroxy-terminated prepolymer and 200 mL of 
522221^ ( t " r °° 0ted an ice ^. and 24 mL of dry frie^aX (0.95 equiv/equ* 

OH) was added va asynnga The addition funnel was charged with 15.4 g of acryloyl chloride (0.95 equiWequivOH) 

S- !? T 6 !? w " 3dded dr0fwise to lhe motion mixtuVe over 1 hour. The nXe was 

Tr^^lf 10 ^l 00 " 1 temperature - ™ e Precipitated triethylamine hydrochloride was removed by 

vie T " VaCU °- afbrdin9 a * ,,ow «* the aaytate-terminated prepoN 

o?C wS £? ^ f Tk"'" 9 35 ***** Wre COnduC,ed in a » manner. However, the reaction timeKt 

0 C were shortened to 1 hour, whereupon the reaction mixtures were allowed to reach room temperature over 1 Eur 

M 6red °* add *° nal (approximately 800 mL) was added to the flltratHnd the fita e w£ 

^ 5 l ml ; P ° rtl0nS * The organic ^ "* drie ^ over MgSO>a 2 SO« . M aS 

gt^p^^ 
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Claims 

1. A biodegradable thermosetting polymer system comprising a liquid biodegradable thermosetting prepolymer for 
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forming an implant jnsity within a body by placing the system into the body and curing ft. 

2. A system of claims 1. wherein the prepolymer is an acrylic-esler-terminated prepolymer. 
s 3. A system of claim 2. wherein the prepolymer is synthesized via copolymerization of DL-lactide with c-caprolactone. 

4. A system of claim 2. wherein the prepolymer is synthesized via copolymerization of L-lactide with c-caprolactone 
^ 5. A system of claim 3 or 4. wherein the prepolymer is formed by said copolymerization with a polyol initiator. 

6. A system of any one of claims 3-5. wherein a catalyst is added to the copolymerization step, 

7. A system of claim 6. wherein the catalyst is stannous octoate or stannous chloride. 
»s 8. A system of any one of claims 1 -7. containing also a curing agent 

20 10. A system of daim 9. wherein the curing agent is azobisisobutyronitrile or benzoyl peroxide. 

JSSSSSSi" C ° ntainin9 3 bi ° ,09iCa " y ^ a96nt WhiCh iS re,eased * diffusion « «*» as the 
25 12 - A ^e" 1 ^ «» of claims 1-11. wherein the system is syringeable. 

13. A system of any one of claims 1 -12 for forming an implant in a periodontal pocket or in dental extraction sites. 
^ 14. A system of any one of claims 1 -12 for forming an implant in a bone defect or in a wound. 

1 5. A system of any one of claims 1 - 1 2 for forming an implant for adhering tissue to tissue or another implant to tissue. 

1 6. A system of any one of claims 1,12 for forming an implant for building up tissue or for f Wing in a defect 

* 17. The use i of a biodegradable thermosetting prepolymer for the preparation of a biodegradable thermosettina oolv 
merS^^ 

^ 18. ™*"se of daim 17. wherein me ^ 

19. Theuseof daim 17. wherein the implant is for a bone defect or for a wound. 

20. The use of daim 17. wherein the implant is for adhering tissue to tissue or for another implant to tissue. 
45 21 - • 7he 01 daim 17 - wherein «* implant, is lor building up tissue or for filling in a defect 
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